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Learning Objectives

VUnderstand advantages and limitations of wastewater sequencing 
for SARS-CoV-2 variant surveillance

VDescribe how the aggregation of surveillance data for wastewater 
differs from clinical testing data

VDescribe a laboratory workflow for wastewater sequencing and 
additional tests that precede sequencing analysis 



Presentation Outline 

ÅWastewater surveillance and programs overview

ÅSurveillance site selection for FDA project 

ÅDetection and characterization testing workflows 

ÅSARS-CoV-2 monitoring trends 2021 ς2022 

ÅTrending variant proportions in wastewater 

ÅFuture directions 



Why Wastewater (WW) Surveillance?  

ÅUp to 80% people with COVID-19 shed virus in their 
feces

ÅWW can serve as an early warning system 4 ς6 
days prior to clinical case increases 
ÅCaptures asymptomatic infections 

ÅIndependent of healthcare-seeking behavior and testing 
access

ÅAn efficient pooled sample of community infection levels

ÅData is available quickly

ÅFlexible testing platform that can be leveraged for 
multiple pathogens 



National Wastewater Surveillance System

CDC COVID Data Tracker: Wastewater Surveillance

ÅEstablished in 2020

ÅTracking the presence of SARS-CoV-2 in 
US wastewater

Å46 states, 5 major cities, 2 territories 

ÅCommercial testing contractς335 
sites nationally

Å>83,000 unique WW samples 
representing more than 130 Million 
people ς~50% of Americans on a 
sewer system 

https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance


Virginia Wastewater Surveillance 
ÅSARS-CoV-2 Wastewater Surveillance 

Sentinel Monitoring Program
ÅInitiated 9/21/2021

Å25 sentinel monitoring facilities 
performing once weekly collection

ÅAggregate data reported to CDC

ÅSite-specific data reported to utilities 

CDC COVID Data Tracker: Wastewater Surveillance

https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance


FDA GenomeTrakrWW SARS-CoV-2 Variant 
Surveillance Project

ÅMonitor circulating SARS-CoV-2 variantsin US populations with an 
emphasis on food production areas

ÅLeverage national sequencing capacity established by the FDA
Å GenomeTrakrnetwork collects and uploads genome data to public repositories 

in real-time

Å Apply to other pathogens of food safety significance (Norovirus, Hepatitis A) 



SARS-CoV-2 Sequencing Project: 
Virginia Site Selection & Sample Collection

ÅThree sites in Northwest Virginia 

üSMP-WW12(population Ғ мсΣрллύ
o 5 million gallons per day

üSMP-WW26όǇƻǇǳƭŀǘƛƻƴ Ғ 16,500)
o 5 million gallons per day

üSMP-WW27(population unknown)
o Food processing facility 

Å100 mL 24-hour composite samples collected once or twice weekly 
and transported to Virginia DCLS for testing
ÅSamples stored at 4°C until processing (up to 2 days)

https://freevectormaps.com/united-states/virginia/US-VA-EPS-02-8001?ref=atr



Sample Types

Source: Talvitie, et al. 2015 Raw Wastewater

Post Grit Removal

Wastewater Sampling



Laboratory Workflow

RNA 
QCÅSample collection
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ÅRNA extraction 
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ÅSARS-CoV-2 

controls
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Sequence 
QC
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DCLS Sample Processing Workflow

Sample Preparation 

ÅHomogenization by mixing

ÅCentrifugation at 8,500 x g for 10 minutes

ÅConcentration of the supernatant with 
the InnovapPrepConcentrating Pipette 
(0.05 µm filter)

ÅElution ~ 400 µL concentrate

Image Source: Developing a Wastewater Surveillance Sampling 
Strategy | Water-related Topics | Healthy Water | CDC

https://www.cdc.gov/healthywater/surveillance/wastewater-surveillance/developing-a-wastewater-surveillance-sampling-strategy.html


DCLS Sample Processing Workflow 
Extraction and Quantification

ÅRNA extraction by the ZymoResearch Quick-
RNAViral Kit

ÅQuantification with the BioRadPREvalence
ddPCRSARS-CoV-2 Wastewater Quantification 
Kit on the BioRadQX One instrument

ÅYields viral copies per liter
ÅYields viral copies per liter

ÅRecovery assessed with matrix spike 

ÅExtraction and PCR controls 

ÅSARS-CoV-2 Standard

ÅBlank negative control 
Image Source: Developing a Wastewater Surveillance Sampling 
Strategy | Water-related Topics | Healthy Water | CDC

https://www.cdc.gov/healthywater/surveillance/wastewater-surveillance/developing-a-wastewater-surveillance-sampling-strategy.html


SARS-CoV-2 Quantification and Variant Typing 

ddPCRDetection 
Å Target= ddCoV_N(N2)
Å Limit of detection= 6,200 copies/L
Å Concentrations < LOD are assigned a 

value half the LOD (3,200 copies/L)

SARS-CoV-2 Sequencing
Å NEB VarSkipShort SARS-CoV-2 v2 (VSS v2)
Å DNA Prep Library Prep
Å MiSeq or NextSeq550 2 x 150 paired end

Data QC and Analysis
Å Monroe Pipeline
Å Freyja (version) 



Northwest
Facilities



WWTP 12
Facility capacity: 5 MGD
Population served: ~16,500


